The concept of time introduces important complexities in designing and evaluating programs, measuring and analyzing individual changes, and estimating intervention effects in multilevel interventions (MLIs). For example, investigators may focus on time to address whether interventions are more effective in early stages of implementation or whether their effects attenuate over time. Assessing how time is experienced by individual patients may influence both the design of MLIs and the analysis of the effects of such interventions. For example, assessing how interventions interact with individual growth trajectories to affect outcomes of interest may allow investigators to gain a more nuanced understanding of an intervention's impact on individuals. At the environmental and organizational levels, interventions that change structures or processes often play out over extended time intervals and not always in linear fashion.
The concept of time introduces important complexities in designing and evaluating programs, measuring and analyzing individual changes, and estimating intervention effects in multilevel interventions (MLIs). For example, investigators may focus on time to address whether interventions are more effective in early stages of implementation or whether their effects attenuate over time. Assessing how time is experienced by individual patients may influence both the design of MLIs and the analysis of the effects of such interventions. For example, assessing how interventions interact with individual growth trajectories to affect outcomes of interest may allow investigators to gain a more nuanced understanding of an intervention's impact on individuals. At the environmental and organizational levels, interventions that change structures or processes often play out over extended time intervals and not always in linear fashion.
In this chapter, we discuss issues of time related to 1) conceptual relevance of time in multilevel cancer interventions, 2) time as a research and program design issue in MLIs, 3) analytic methods for dealing with time in MLIs, and 4) resource considerations and trade-offs when incorporating time as a component of multilevel research.
Conceptual Relevance of Time in Multilevel Cancer Interventions
The empirical literature is scant regarding the role of time in MLI research. The limited number of published studies have cited the challenges of insufficient time allowed for implementing the intervention (1) and for introducing changes into existing work load or routines. Some work has described different ways in which time may be treated in the context of intervention studies. Time has been conceptualized in four ways: 1) "clock and calendar time," which is structured, and addresses "when," "how often," "how long," and "in what order" activities need to occur (this conceptualization recognizes that time may be linear but its effects as experienced are frequently nonlinear); 2) "temporality," which conveys processes that unfold in time; 3) "timing," which is dependent on the organizational context in which an intervention is applied; and 4) "tempo," which is related to a patient's perception of time (eg, the rate at which a patient perceives his or her disease to have progressed) (2, 3) .
The Symptoms Experience in Time (SET), developed for symptom management research, is another conceptual model for understanding time. It incorporates antecedents that include a precipitating event, such as cancer or a disease process. In addition to clock/calendar time and tempo, three other temporal assumptions describe time as both a concrete (ie, biological/social time) and an abstract concept (ie, sense of timelessness amid intense symptoms) (4) .
This conceptual work underscores the importance of understanding complex temporal dynamics from both the patient's perspective and the care delivery standpoint when planning or analyzing MLIs. Such notions of time imply a range of dynamic interactions between the intervention operating at different levels of influence and individuals targeted by those interventions (5) . Time is experienced on two dimensions, intervention target and intervention context. The intervention target is the level where change is intended (ie, individual, organization), and which defines the relevant context of the intervention. Intervention context is the external and/or internal milieu of the intervention target. Time possesses several attributes that include but are not limited to life-course (patient's developmental trajectory), disease-course, timing, duration,
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J Natl Cancer Inst Monogr 2012;44:42-48 frequency, and sequence. Each time attribute has the potential to influence outcomes across different phases of the intervention. Figure 1 illustrates where in the intervention process time may contribute to intervention effects. For example, if the intervention target is the patient, individual life-course or disease-course may affect the intervention outcome through their influence on the design and implementation phases. Context of an intervention targeting individual patients could include encounters with the provider team or family dynamics occurring at the time. Multiple physical and psychological processes that an individual experiences due to a physiological disease-course or a clinical care process describe the context within which time attributes need to be considered. Since these are simultaneous, individual and contextual processes, an intervention would need to address the patient's lifecourse and/or disease-course, while the organization considers the timing, duration, frequency, and sequence during the design and implementation phases.
Time as a Dimension of the Individual
Cancer progresses through multiple stages or periods, although there may be more "stages" to cancer than to other diseases and more variations in the disease process. For example, Rasmussen and Elverdam (6) emphasize the importance of understanding that cancer survivors experience their trajectory as a process in the midst of constant changes. Similarly, Henly et al. (7) maintain that because health and illness conditions are associated with processes and changes, interventions targeting such conditions imply a temporal context. These understandings can provide deeper insight into changes in patients' values and priorities, signaling when intervention is appropriate and consequently effective. For purposes of MLI and analysis, they also suggest rigorous assessment of time-related trajectories of individual patients during their disease life-course.
Individual Growth Trajectories in the Context of MLIs
A trajectory is simply a path, progression, or line of development in some outcome of interest. For example, Figure 2 illustrates hypothetical individual growth trajectories for level of anxiety about prostate examinations. The trajectories indicate that anxiety initially increases as a function of time since last exam but generally level off after a certain point before picking up again. These trajectories suggest that the impact of an intervention to improve screening may have differential effects depending on when individuals are introduced to the intervention. Thinking about individual trajectories is an exercise in understanding individual growth or change over time. We can think about within-individual variation (ie, changes in cancer outcomes/behaviors over time) or betweenindividual variation (eg, different trajectories for older vs younger cancer patients, or for patients in different racial/ethnic groups). Individual growth models typically consider factors in early life or current risk factors that may alter outcome trajectories over time. For example, patients experience a trajectory of life events that enhance or inhibit their health status contributing to creating a subjective reality of health (lifeworld) that may also change over time. Thus, patients' readiness and responsiveness when introduced to an intervention-and consequently the outcome or effect of the intervention-is mediated through their lifeworld and where they are in their life-course (8) .
From an analytic perspective, individuals are viewed as having their own regression equations that reflect such circumstances. Typically, each individual's unique trajectory of change is an outcome and is represented as a function of person-and time-specific parameters, such as age, income, wealth, comorbidities, marital status, and social support. Age also is often considered to examine how outcome trajectories may vary by age over time (9, 10) . Recognizing that these parameters can either vary or remain static over time is critical when developing measurement models in MLIs.
Given the importance of improving individual-level outcomes in cancer treatment and prevention, growth trajectories might be considered one of the basic building blocks of multilevel cancer interventions. Learning about predictors of trajectories, for example, can help to inform interventions (program/policy) by suggesting when to introduce interventions or determining the expected direct or joint effects of the intervention and time. For example, studying the course of a disease over time could enable investigators to identify factors associated with onset, remission and relapse and to describe antecedents and long-term outcomes at the individual level, all of which may influence the timing and appropriateness of various interventions. Incorporating such trajectories also would allow investigators to identify factors that predict differences in mean growth rates (outcomes) between several types of cancer treatment interventions but also to identify factors that predict differences in growth rates (outcomes) between individuals over time.
Recognizing the importance of growth trajectories, at least three approaches can be used to incorporate time as a dimension of MLI models. At the most basic level, one can identify temporal patterns in the data. For example, does the outcome (ie, tumor-free survival rate, medication adherence rate) increase, decrease, or remain stable over time? Is the general pattern linear or nonlinear? Are there abrupt shifts at substantively important moments?
Second, "time-varying predictors" can be used to model how changes in factors, such as family circumstances (eg, income, social support), may influence the likelihood that the cancer intervention will have the desired effect (ie, participation in screening) and the conditions under which it is likely to do so. Third, and perhaps most important for purposes of MLIs, variables representing the intervention can be interacted with time to test whether an intervention's effect varies over time. This is particularly important given that some effects dissipate over time, some effects increase as individuals become acclimated to the procedure or condition, and some effects may be especially pronounced at particular times. For example, when comorbid conditions are not undergoing intensive treatment in the clinical setting, a cancer patient can become more adherent to a rehabilitation intervention designed to strengthen and improve physical functioning.
Time and Organizational Change in MLI Research
From an organizational perspective, time takes on a somewhat different role in multilevel research and intervention planning. Interventions are fundamentally about system change, particularly those that target the higher-level contexts in which individuals function, such as institutions, teams, or networks. Organizations vary in their structures, missions, resource availability, and staff over given time periods. And, just as individuals change over time, organizations and communities evolve, which affects outcomes and the fidelity with which an intervention is practiced (11) .
In a related vein, the timescale over which change is expected may be directly influenced by the level (or levels) at which an intervention is implemented (eg, organizational, policy, system). If the impact on outcomes is mediated by pervasive organizational system effects, it may take an extended period to filter through an organization and only be observable after the program or evaluation ends. Obviously, this creates problems for assessing multilevel program effects over a short study time frame. Conversely, attributing causality to a program or intervention over longer time frames is made difficult by concurrent influences or secular changes or events that may confound any intervention effect. Collins and Graham (12) provide a useful overview of the effects of the timing of measurements on empiric findings. They caution that a mismatch between measurement intervals and anticipated outcomes may impair a researcher's ability to correctly model the processes of interest. The meaning of measurements taken across multiple time points may themselves change as a consequence of interventions. Andrykowski et al. (13) , for example, have reported response shifts in the fatigue ratings of women undergoing adjuvant therapy for breast cancer as the women recalibrate the personal standards they use to evaluate current fatigue levels throughout the course of their treatment.
Another timing issue relates to potential data-related differences in institutional commitments, efficiencies, and policies across organizations, which may affect the availability of information relevant to research. For example, the interval necessary for data from electronic medical records to become accessible to researchers may differ considerably across facilities due to any of these factors. Even if available in a timely fashion, the usefulness of digitized data available from these records also may vary across organizations (14) . Under most circumstances, individual health data will likely become available from electronic systems more quickly than will aggregated health information, such as prevalence data produced as part of the Surveillance, Epidemiology and End Results (SEER) program and state-level vital statistics offices.
Time as a Research and Program Design Issue in MLIs

Time and Change as a Factor in Study Design
Cross-sectional evaluations that study different groups of individuals at different points in time are inadequate to examine processes such as clinical improvement, progress, behavioral change, or other aspects of change that are inherently longitudinal. More fundamentally, cross-sectional designs in MLI research make it difficult to ascertain whether the intervention produced a change in individual patient outcomes or behavior or, alternatively, if observed associations are a result of self-selection, omitted variable problems, or other sources of bias.
However, evaluation designs that incorporate time as a dimension may be less susceptible to the influences of individual background, intake characteristics, and other confounding factors. In a repeated measures design in which subjects are tracked over time, individuals serve as their own controls. As a result, stable characteristics of the individual are constant over time and cannot confound estimation of the growth curve. This potential research design advantage is an important one in nonexperimental MLI studies, where control over confounding influences, such as context, policy, or organizational characteristics, is often insufficient.
Another advantage of applying time and growth models in the context of MLIs relates to the notion that there are at least two parameters of interest to analysts, program designers, and policy makers: initial level of performance (intercept) and the rate of change (slope) (15) . These two parameters may also interact. For example, it is conceivable that differences in the extent or progression of a particular cancer at the outset of individuals' participation in an MLI (initial level) may result in differences in the rate of improvement for those individuals exposed to the intervention (rate of change). This interaction may be such that more severely ill patients experience higher rates of improvement than less severely ill patients even though they receive the same "treatment." This is a crucial distinction because even an effective cancer intervention may not be able to exert limitless influence over the absolute level of an individual patient's outcome but can potentially influence the rate of improvement in the same outcome.
Time as a Factor in Implementation and Sustainability of MLIs
In response to criticism levied against traditional experimental and quasi-experimental program evaluation studies, evaluators are now measuring treatment implementation and sustainability more closely. Measuring treatment implementation provides a means to determine whether key program components were delivered as specified by the program logic model/theory (16, 17) . Assessing sustainability is concerned with whether such components are active long enough to produce the desired effect on individuals (11). Both imply temporal assessment.
Implementation monitoring allows the evaluator to uncover service delivery breakdowns and unwanted side effects during the early stages or entropy of critical program elements over longer periods (fidelity). Both provide the potential for real-time process corrections or adjustments (18) . Close monitoring of the implementation process over time also allows investigators to use program or treatment fidelity data to contextualize treatment outcomes, such as those occurring at the individual level. Careful thought about organizational structures, workflow, and other operational processes, as well as individuals' needs, is required to reveal how time may change the observed effects in the real world during actual implementation or institutionalization.
Sustainability is the capacity to adapt to new conditions and endure once the interventions have been institutionalized or embedded as routine standard practice or lifestyle (19) . Without institutionalization, sustaining the benefits of the interventions is a challenge (20) . Factors such as health-care markets, societal norms and beliefs, and changes in national and state policy can all influence an intervention's sustainability. This is particularly important for MLIs because the effects of an organizational or policy intervention on individual outcomes may vary over time as a function of the entropy of particular program elements or exogenous changes in organizational contexts (21) .
Greater recognition of the potential for a planned intervention to deviate from the intended design or attenuate over time requires evaluators to more closely focus on identifying essential (ie, active) program components and monitoring the extent to which the treatment protocol is adhered to or modified in practice and over time (11) . This implies a longitudinal assessment of interventions (vs a single point in time assessment of intervention implementation). For example, multidisciplinary care conferences (MDCCs) are designed to plan prospective treatment that incorporates evidence and evaluate the patient's eligibility for clinical trials, thereby increasing patient confidence in their care by incorporating evidence into patient treatment planning. However, the ability of an MDCC to affect patient-level outcomes and its sustainability over time depends on the implementation climate within which the MDCC functions (22)-specifically whether the new MDCC process is viewed as an organizational priority, is supported by organizational and clinical leadership with dedicated time and resources, and has appropriate incentives (23,24).
Intervention adherence is itself often described as a multilevel multivariate phenomenon. This characterization stems from recognition that the fidelity with which a given intervention is implemented by a particular provider follows from interrelationships among a range of internal and external factors that constitute the social system surrounding the intervention. Treatment providers can be expected to systematically increase or decrease adherence to protocol on the basis of a variety of factors, including initial and ongoing training, perceived efficacy, and organizational support. Given this, the typical, single point-in-time assessment of intervention adherence may result in a misleading static representation of the intervention. Evaluation designs that allow for implementation measurements across multiple points during the course of the intervention would permit better estimation of average adherence levels as well as enable examination of factors that promote or inhibit a positive change in adherence. For example, as organizational priorities change and resources become more or less available over time, management decisions may influence the timing of intervention implementation, ongoing support for an intervention, or even whether the intervention is to be retained at all. Such considerations are especially important when MLIs require extended periods to ramp up or when effects on patient outcomes are likely to require sustained "doses" of the intervention.
In many domains, three observations (conducted at the beginning, middle, and end of the treatment period) would provide for a reasonable estimate of the level and linear change in adherence to protocol. Additional observations, of course, would further increase an evaluator's ability to identify the underlying trajectory of change and reliably estimate associated implementation trajectories.
Analytic Methods for Dealing with Time in MLI Research
Despite the conceptual, practical, and evaluation challenges, both quantitative and mixed methods approaches are available to support the analysis of time within a multilevel framework. In this section, we briefly review several current strategies for analyzing time in MLIs.
Quantitative Advances
It is now widely recognized that hierarchical linear models (HLMs) offer a powerful approach to the conduct of longitudinal analyses across three or more levels (25) . These models also are commonly known by other names, such as mixed effects regression models (26) and multilevel models (27) . These approaches are closely related and share several key features. Most importantly, each recognizes the nested or clustered data structures underlying longitudinal and multilevel assessments and introduces adjustments to control for these dependencies. In addition, these various approaches each permit the inclusion of time-varying as well as time-invariant (ie, fixed) covariates and independent variables. They also recognize the importance of modeling correlated errors when dealing with clustered observations.
Typically, these models include multiple time observations embedded within individual patients. In analyses of clinical trials, patients, in turn, can be nested within treatment conditions. Alternatively, in analyses of community interventions, multiple time assessments would be nested within individuals, which, in turn, could be nested within neighborhoods or other organizational structures. These models are highly flexible and offer several advantages. First, they allow for the inclusion of variable numbers of observations for each patient, an approach that helps prevent the loss of valuable information due to attrition. Because complete data are not required, as is typically the case in more traditional fixed-effects analytic models, the partial data collected from patients who drop out before completing an intervention or trial can be easily included in the final study models.
Second, time itself can be measured more precisely and in multiple ways within the HLM framework. HLMs permit the treatment of time as continuous, thereby allowing for assessments at unequal intervals that will often much more accurately represent the actual timing of measurements. For example, if patient interviews are conducted at baseline and at 3, 7, 14, 30, 180, and 365 days postintervention, these differential time intervals can be quickly and efficiently modeled within the HLM framework at these precise time points, rather than simply at times 1-2-3-4-5-6-7. Likewise, where data are abstracted from medical records at the time of unequally spaced patient visits, an HLM's ability to model time in a variable manner again proves invaluable. In addition, change can be measured other than at the patient level. Barrett et al. (28) , for example, evaluated the effects of change at the census tract level on stage of breast cancer diagnosis using a HLM. HLMs allow investigators to assess patients at time points of variable spacing (29) as well as assess the effects of variables measured at other levels of analysis and also at variable time points. These features are shared with the other models outlined below.
A second, and related, approach to assessing patient data in multilevel models is latent curve modeling (LCM) (30, 31) . This approach is typically estimated within the structural equation modeling (SEM) framework (32) . In LCM models, observed measurements at multiple time points are used to develop latent measures of construct slopes and intercepts. These can then be used to model change in individual growth or developmental trajectories as a function of individual and/or higher-level factors. A key advantage of this analytic strategy is its ability to address measurement error through the introduction of latent variables. In doing so, it is possible to distinguish actual variability from error variance, thereby estimating the true change in latent variables over time (33) . LCM also easily permits assessments of mediating processes within a longitudinal framework (34) . Another advantage is the ability of LCM to model and compare trajectories of change in latent variables across multiple groups. Stull (35) suggests that this feature makes LCM a particularly strong approach to analyzing clinical trial data.
Although the statistical tools necessary to assess MLIs for cancer prevention and treatment are now available, considerably more effort will be necessary to deploy them effectively. Considerations of the temporal design of these models should receive at least as much attention as do the more traditional elements of research design (12) . The coding of time in hierarchical models, in particular, is not always straightforward, as multiple approaches can be taken. Biesanz et al. (36) provide a comprehensive overview of these strategies and consider some of the advantages and disadvantages of each.
Mixed-Method Approaches
Variations in the success of an intervention are likely to occur across different levels of influence. Furthermore, stakeholders beyond the researcher will determine program or intervention success differently. Eliciting stakeholder assessments and examining the various aspects of success necessitate a mixed-methods approach that combines qualitative and quantitative methods (37) . A mixedmethods design can improve understanding of the effects of the intervention both within and across levels, as well as explain the variations in outcomes across the different levels.
Depending on the type of MLI, the addition of qualitative research can be invaluable in studying the processes of implementation to demonstrate the validity of a study's findings. Qualitative methods, such as interviews, case study, participant observation, record reviews, and/or focus groups, can adeptly elicit responses from patients, provider teams, clinical leadership, and community stakeholders regarding the duration, frequency, and timing of the intervention. Such rich data can help institutionalize an intervention within a health-care organization as well as engage stakeholders for a community-level intervention, thereby increasing buy-in and commitment to adopting and adapting the intervention to achieve the intended effect. An example is the ongoing evaluation of the National Cancer Institute Community Cancer Centers Program (NCCCP), a multimethod innovation intended to deliver quality cancer services where patients reside (http://ncccp.cancer.g ov/About/index.htm). The evaluation of this pilot program examines program implementation and patient satisfaction at five levels: 1) national, through the network of awarded hospitals; 2) organizational, within the systems and hospitals through which the program is being implemented; 3) programmatic, for the impact on delivery of the cancer services; 4) individual, in terms of the impact on patients' perceptions of the quality of care they are receiving within each participating hospital; and 5) with regard to each program component of the NCCCP. Mixed methods are used to assess program performance as well as effectiveness of the program model. The qualitative assessment uses case studies, site visit interviews, and patient focus groups, whereas the quantitative assessment includes a patient survey and an economic study. Changes are assessed at various time points across the pilot period, each year, and/or at 18-month intervals. The economic study draws upon the influences exerted on the program at the environmental level and reveals how hospitals have invested in the program through the leveraging of funds and cost allocations. Their persistent support in the midst of current economic challenges (a temporal issue) reveals their commitment to delivering this multilevel innovative program, and their effectiveness in organizational monitoring and adaptation. Findings from the study show that the fluctuations, historical and contextual, can significantly influence organizational decision making.
Resource Considerations and Trade-offs of Including Time as a Component of MLI Research
To conclude our discussion of time, we discuss three key resourcerelated issues in MLI research: analytic complexity, study duration, and theoretical development.
Analytic Complexity
As suggested by the preceding discussion, incorporating time and timing elements into MLI can place formidable data demands on the evaluation. Linear growth models are straightforward-when change in outcomes is linear over time, and such time elements are simple and easy to interpret when these assumptions are met. These models can adequately represent the growth process with a small number of measurement waves and are particularly useful when study duration is short. However, more complex growth models require more time, data, and analytic complexity.
Furthermore, a larger sample is typically required for MLIs that involve complex cross-level interactions, say between organizationallevel factors and individual-level attributes. Introducing time into evaluations of MLIs adds to this complexity by increasing both the number and type of cross-level interactions. For example, more reliable estimates for individual growth models are thought to be obtained with a larger number of measurement waves (eg, eight or more). Interactions between higher-level intervention components and time may have to incorporate periodicity and nonlinear specifications to capture the shape of the growth curve. Similar interaction complexities and data demands increase if higher-level changes in organizations, communities, or policies are tracked over time to ensure fidelity and sustainability of the intervention.
Study Duration
MLI studies incorporating time as either a dimension of individuals or of higher-level entities, such as organizations, communities, or policies, are by definition longitudinal. With longer study periods come greater costs and logistical challenges, particularly as more measurement points are involved. In designing or evaluating MLIs, three or more measurement occasions that use a cohort of subjects individually matched over time are necessary, at a minimum, to allow estimation of individual growth trajectories (38) . Aside from the need for more data in MLIs that incorporate time, attendant costs include attrition, loss to follow-up, and greater data collection and administrative burden on the sites carrying out the intervention. Although costs are generally greater for MLI research that incorporates a time dimension, there can be analytic benefits as well. For example, the power to estimate group-to-group variability and group-level effects are strongly dependent on the number of groups included in the analyses. Failure to observe significant group-to-group variability is a common occurrence in multilevel studies owing to small Ns at the group level but should not always be taken as an indication that groups can be ignored in the analyses. Including a time dimension to assess group or any higher-level factors will likely increase the statistical power of the analysis owing to the addition of multiple observations/measurement points for any given group, thereby effectively increasing the N.
Theoretical Development
Finally, despite the many advantages of incorporating a time dimension into MLI design and evaluation, such efforts present major challenges given the absence of robust theoretical frameworks to guide this work. It is doubtful that a "one size fits all" approach will work for all interventions, individual trajectory classes, or types of cancers. However, it seems imperative that a more refined understanding of the way the intervention works (derived from treatment theory) and the way in which different classes of individuals change over time are fundamental starting points for capturing the heterogeneity in samples of individuals exposed to MLIs in cancer prevention and treatment (39, 40) . This means that specifying growth trajectories or implementation approaches, for example, may need to assume an exploratory trial and error nature with all the inefficiencies and blind alleys that this entails. As theoretical development in these areas improves, inefficiencies will likely be reduced. However, in the near term, we can expect to incur significant costs as empiric work and theoretical development proceed unevenly.
